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色谱 -电子捕获检测法 (GC-ECD)、气相色谱 -电子轰击离子化 -质谱法
(GC-EI-MS)和气相色谱-负化学离子化-质谱法(GC-NCI-MS)三种仪器分析方
法的载气流量、色谱柱升温程序、进样口温度及进样方式和检测器温度及电
压等参数，使仪器的灵敏度和稳定性处于 佳状态。以 17 种有机氯和拟除虫
菊酯农药混合标准溶液(10ng•mL-1~500ng•mL-1)进行仪器的线性关系、灵敏度
和稳定性考察，结果表明 GC-ECD、GC-EI-MS 和 GC-NCI-MS 的线性关系良
好， 低检测质量分别为 0.3pg~6.2pg、0.3pg~8.6pg 和＜7.4pg，以 GC-NCI-MS
的仪器灵敏度 高；相对标准偏差(RSD)分别为 1.26%~9.57%、3.22%~11.99%
与 2.46%~12.58%，以 GC-ECD 的仪器稳定性 好；同时考察了离子源温度、
反应气气压对 GC-MS 测定结果的影响，结果表明当离子源温度为 190℃~230
℃之间，反应气输出压力在 3.5 kg•cm-2，质谱仪真空度显示为 3.00×10-3Pa
















药残留同时分析的方法研究。试样以 V 正己烷/V 丙酮=1/1 混合溶剂超声提取，
Florisil 硅藻土净化，δ-BHC 为内标物进行仪器测定。实验证实在试样分析
时 GC-ECD 与 GC-EI-MS 都受到试样基体组分的严重干扰，只有 GC-NCI-MS
仍然保持优越的选择性和灵敏度，其大部分目标物的方法检测限(MDL)处于
0.1μg·kg-1 甚至更低水平。考察 GC-NCI-MS 方法的加标回收率为
74.6%~108.5%，相对标准偏差为 10.0%~30.4%，符合农药残留分析的要求。 
第五章：开展了 GC-NCI-MS 应用于绿茶、红茶、花茶、乌龙茶四大类




表明在这两种校准曲线方法下 GC-EI-MS 与 GC-NCI-MS 的线性关系良好。对
于这17种有机氯和拟除虫菊酯农药目标物，GC-EI-MS与GC-NCI-MS的MDL
分别为 1.1 μg·kg-1~29.8 μg·kg-1 和 0.1 μg·kg-1~8.3 μg·kg-1，实验结果证明
GC-NCI-MS 方法的灵敏度优于 GC-EI-MS 方法。GC-NCI-MS 方法在 SC 法下
加标回收率为 71.2%~291.0%，RSD 为 3.8%~40.8%，而在 MC 法下加标回收
























The quality and safety of food is crucial to human’s life. However, the 
presence of pesticide residue in food is a serious problem that has aroused public 
concern and become a popular research in analytical science field.This dissertation 
focused on the study and application of analytical methods on pesticide residue of 
organochlorine and synthetic pyrethiod in food. The dissertation consists of six 
chapters.     
The first chapter: summarized the current progress of pesticide residues 
analysis in food, with emphasis on the application of sample pretreatment 
technology, including solid phase extraction (SPE)、solid phase microextraction 
(SPME)、matrix solid-phase dispersion(MSPD) and microwave assisted extraction 
(MAE) , and with the other emphasis on the application of gas chroamtography 
(GC) 、 high performance liquid chromatography (HPLC) 、 gas 
chroamtography-mass spectromrtry(GC-MS) and liquid chromatography-mass 
spectromrtry(LC-MS) in the analysis of pesticide residues in food. Finally pointed 
out the developing trend of the analytic method on pesticide residue in food.  
The second chapter: discussed the idea and plan of this dissertation as well as 
the aim and content of the research work. It was presented that the possibility and 
necessity of  the application of GC-NCI-MS to the analysis of pesticide residues 
in food . 
The third chapter: In order to guarantee the GC and GC-MS instruments run 
in the appropriate condition, adjusted and optimized the flow of carrier gas、the 
temperature program of oven、the temperature of injector 、the injection mode and 
the temperature and voltage of detector in the three analytical approaches of 
GC-ECD、GC-EI-MS and GC-NCI-MS. The linearity、sensitivity and stability of 
the instrumnets were investigated with mixed standard solution of seventeen 
organochlrine pesticides and pyrethroids pesticides with concentrations range from 
10ng•mL-1 to 500ng•mL-1. The results showed that the three anlytical methods of 













qualities were 0.3pg~6.2pg、0.3pg~8.6pg and less than 7.4pg, respectively. 
Relative standard deviation(RSD) were 1.26%~9.57% 、 3.22%~11.99% and 
2.46%~12.58%. The effects of the tempaerature of ion sourse and the pressure of 
reagent gas on the pattern of MS spectrum and the analytical sensitivity were 
studied with the result that the ion source temperature was set as 200℃ and the 
reagent gas output pressure as 3.00×10-3Pa .In the end, the NCI-MS spectra of 
oganochlorine pesticides and pyrethroid pesticides were analysed. 
The forth chapter: GC-NCI-MS was applied to the simultaneous 
determination of seven pyrethoid pesticides (bifenthrin, fenpropathrin, cyhalothrin, 
permethrin, cypermethrin, fenvalerate and deltamethrin) in fruits and vegetables. 
The analytes were extracted with hexane-acetone（1:1,v/v）in an ultrasonic bath 
and cleaned up on a Florisil column, then were determined with δ-BHC as 
internal standard. In the real world sample analysis, there was too much 
interference appearing in GC-ECD and GC-EI-MS, only GC-NCI-MS still kept 
excellent selectivity and sensitivity. The method detection limit (MDL) of 
GC-NCI-MS was less than 1.00μg·kg-1 and the average recovery of the seven 
pyrethroid pesticides were between 74.6% and 108.5% with RSD ranging from 
9.85% to 30.36% . The method showed an excellent sensitivity and selectivity for 
pyrethroid pesticides. 
The fifth chapter: GC-NCI-MS was applied to the simultaneous 
determination of pesticides residues of seventeen organochlorine pesticides and 
pyrethoid pesticides (α-BHC、β-BHC、γ-BHC、δ-BHC、p，p’-DDE、p，
p’-DDD、o，p’-DDT、p，p’-DDT、bifenthrin、 fenpropathrin、 cyhalothrin、 
permethrin、cyfluthrin、 cypermethrin、fenvalerate 、fluvalinate and deltamethrin) 
in Chinese tea, including green tea、red tea、flower tea and wulong tea. The 
analytes were extracted with hexane-acetone（1:1,v/v）in an ultrasonic bath and 
cleaned up on a Florisil and neutral alumina column , then  were determined with 
heptachlor epoxide as internal standard. 
Emphasis was laid on the matrix effects. Both solvent calibration and 













organochlorine pesticides and pyrethroid pesticides ranged from 1.1 μg·kg-1 to 
29.8 μg·kg-1 for GC-EI-MS and from 0.1μg·kg-1 to 8.3 μg·kg-1 for GC-NCI-MS. 
The experiment results domenstated that the method of GC-NCI-MS was more 
excellent. Recoveries of 17 pesticides were 71.2%~291.0% with RSD 
3.8%~40.8% in the method of  solvent  calibration at three spiking levels 
(20μg·kg-1 ,50μg·kg-1, 200μg·kg-1), while 69.5%~128.5% with RSD 1.0%~18.5% 
in the method of matrix-matched calibration. Therefore , the systematic error 
introduced by matrix effect was removed with matrix-matched calibration method.  
The sixth chapter: Summarized the whole work of this dissertation and 
presented the further reseach on this topic.  
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我国是个农药生产和使用大国，每年生产 35~42 万吨原药，80~100 万吨















































































与传统的 LLE 相比，SPE 具有目标物的回收率高、有效分离干扰组分和
操作简便等优点[8]，因而在农药残留分析试样的前处理过程，特别是在高脂
肪与高蛋白质含量试样中多种农药残留目标物的分离、提取、净化及浓缩方













Rodriguez 利用 SPE 与毛细管胶束-电动色谱联用技术同时测定了水果蔬
菜中 8 种杀菌剂的农药残留[9]，其加标回收率为 30%~105%。Schenck 等用
C18 键合相和 Florisil 硅藻土双柱串联，对鸡蛋的乙腈提取液进行净化，再以
气相色谱-电子捕获检测法/火焰光度检测法(GC-ECD/FPD)测定了有机氯及有
机磷农药残留[10]，可减少 90%的溶剂消耗和 85%的废液处理。Jimenez 等采
用类似 SPE 的方法，以气相色谱-电子捕获检测法/氮磷检测法(GC-ECD/NPD)
测定了葡萄酒中对硫磷等几种农药残留量[11]。刘长武等采用氨基 SPE 柱浓缩、
HPLC 分离和柱后衍生-荧光检测法测定了水果蔬菜中 8 种氨基甲酸酯类杀虫
剂 及 其 代 谢 物 的 残 留 量 [12] ， 采 用 加 标 法 ( 添 加 的 浓 度 水 平 为
0.10mg•kg-1~0.50mg•kg-1)测定了氨基甲酸酯杀虫剂及其代谢物的平均回收率
为 70%~120% ， 相 对 标 准 偏 差 (RSD) 小 于 20% ， 检 出 限 为 0.0042 
mg•kg-1~0.0106mg•kg-1。 
固相微萃取法在食品农药残留分析中的应用 
固相微萃取法(SPME)实际上是 SPE 的微型化。1989 年由加拿大的
Pawlidzyn 提出，1990 年设计出 SPME 装置[13]， 初应用于水中挥发性化合




SPME 与 GC 联用方法适用于分析挥发性有机物，通过热解吸使目标物
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